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What is genetics?

" Mother's |6
genome /&

Study of how genetic information is...
« stored in the cell et
* expressed

disorder
- heriated from parents to offspring ﬁ "

And how it contributes to variation within J u \E/ /

and between organisms —
@ Hair color

Eye color

Height

Skin color



Chr %

From DNA to
genetic data

Position %

19422246

119422184 -
ne4z222m

119422013

119415428

VariantID

1s80358217

1s2526392619

rs80358216

1s765335418

Gene %

HSD3B2

HSD3B2

HSD3B2

HSD3B2

Impact

p.Arg249Ter

p.Trp230_Ala238del

p.Trp171Ter

p.Trp3Ter

Risk Frequency % Ref
0.0000948 c
|
<0.00001 G
G

Al

=

[ ] » e 1] iz
-‘- ---

X K W
! FASIEN A S
s % i s
LU 1 I
= = x T

YourData 3= :::ion Your Status Condition

ccC T
] D
GG A
GG A

Harmless (NI)

Harmless (NI)

Harmiless (NI)

Harmless (NI)

3 Beta-Hydroxysteroid Dehydrogenase
Deficiency ®

3 Beta-Hydroxysteroid Dehydrogenase
Deficiency ®

3 Beta-Hydroxysteroid Dehydrogenase
Deficiency ®

3 Beta-Hydroxysteroid Dehydrogenase
Deficiency ®

Classification
Pathogenic
Pathogenic
Pathogenic
Pathogenic



Mitochondria

Intermediate
filament Plasma

membrane

\ Microtubule
\‘\ Centrosome

Ribosomes «

Rough endoplasmic
reticulum

Nucleus SRS
&_\\\‘
Nucleolus S § Microfilament
Chromatin @ /

& Lysosome
‘» e/

' /.

Golgi
apparatus P 4 Smooth endoplasmic
& k_ 7 reticulum
Secretory vesicle

Peroxisome

@) . ®
Golgi vesicle \ Q 7~

Cytoplasm Vacuole

9

Figure: Diagram of typical generalised human cell (Wikimedia Commons)

/~ Human DNA ™\

23 chromosome pairs
in the cell nucleus

2
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A
THE SR N

Mitochondrial DNA (mtDNA)

MT
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DNA Structure

DNA, genes and
chromosomes

DNA: Double helix containing the
bases: Adenine, Tymine, Cytosine,
Guanine

Chromosomes: Tightly coiled DNA

Genes: Small sections of DNA,
coding proteins

:::;“S;iﬂ; M ' Note: Most of the chromosomes are

B Guanine o | composed of DNA sequences that

I Cytosine = either lack a known function or
Adenine = -~ 1T whose function is not yet

B Thymine - ~ understood.

Source: https://nci-media.cancer.gov/pdg/media/images/761781-571.jpg

3




DNA Structure

Genes and genetic data

Gene ——

ATGCTTACCGTAGTTTACTAA
TACAATGGCATCAAATGATCC

Genetic data

Nucleotide
base pairs:

B Guanine
[ Cytosine
- Adenine
B Thymine

Note: The term genome or
genomic data refers to the
complete set of genetic
information in an organism.

Source: https://nci-media.cancer.gov/pdg/media/images/761781-571.jpg
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Today's lecture

3. Genetic
Errors and
Conditions

1. Introduction
to Genetics

5.1T,
Infrastructure
and Cooperation

4. Medical
Genetics

6. Ethical
Considerations
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1. DNA is extracted i {\ A 7t

Lt
pomnite, &

from blood samples or 5 i i i i i< ¥
other biological BEEEEE

material #OW o E

2. The DNA is
sequenced using

sequencing machines 3. Data from the DNA

are presented in
different formats

Risk Your Risk
RCVID Chr % Position % VariantID Gene % Impact Frequency 58 Ref Alt Deta = o Your Status Condition Classification Confidence References Links
= Ensembl
3 Beta-Hydroxysteroid V‘“" -
iewer
RCV001275503 1 N9422246 1s80358217 HSD3B2 p.Arg249Ter 0.0000948 C T ce F Harmiless (NI) Dehydrogenase Pathogenic High(R) ClinVar G
eoqgra
Deficiency () =229902R
Seeall v
3 Beta-Hvd o J Ensembl
RCVO03459912 1 < im 2526392619  HSD3B2 ERXE D i D Harmless (NI} ;ee Z o mt: - Pathogenic Medium (S) ClinV, .
rs F4 iarmiess 1 hydr nas 8 ni I nnvar
n942221 . 238de g Y igen amheg Y Geograr,
Deficiency ()
Seeall v
a . Ensemb
3 Beta-Hydroxysteroid v““"‘““*e =
12V,
RCVO00012967 1 19422013 1s80358216 HSD3B2 p.Trp171Ter <0.00001 G A GG A Harmless (NI) Dehydrogenase Pathogenic Medium (S) ClinVar _G' —
Seograg

Deficiency ()
Seeall ¥



%

DNA sequencing lﬂ: -
- = T

Purpose

 To figure out the exact order of bases adenine, thymine,
cytosine, and guanine (A, T, C, G) in a DNA molecule.

How is it done

« Example video: Overview of lllumina Sequencing by Syntesis
Workflow (youtube.com)

Formats of resulting files
* FASTQ, BAM/SAM, VCF

10



= Tele-Health A1 8 DeepTech . Health Devices v gig Tech + Funding &Trends «

i elopment in Genome Sequencing: More
Rapld Dey P hnolo y insights faster ang Cheaper with
Sequencing Technolog NovaSeq X series

v 02 L

- Faster sequencing machines

 Lower costs

llumina

NovasSeq X series
The fastest and cheapest
genome Sequencing machine

 Higher quality, and more detailed data

 Studying more parts of the DNA

« Example: the whole genome and how genes are
regulated (epigenetics)

Novaseq X series can crack human

" g ol genomes twice as fast s its current

§ A A %  Models, bringing down the costs from $600
Per person to a mere $200 per person!

“Genetic disorders can‘t pe cured no matter what You do!"-

-is-epigenetics. ; / ‘
. ; epts/what-is-epige of hearina, which may soon be untrue. Yes. vou read that rig
/ genomicseducation.hee.nhs.uk/education/core-concep
Source: https://www.

A statement yoy might be tired
ing- -X-series
//allhealthtech.com/fast-cheap-genome-sequencing-novaseq

//a .

Screenshot from https:

ht!

%



Core file
formats

FASTQ
+ Text-based format
+ Stores raw reads with quality scores

@SEQ_ID_1
ACGTGACCTGA

as
IIIIIIIIIII

BAM

 Stores reads aligned to a reference
genome

» Compressed, binary format, efficient
for large datasets

+ Not human-readable directly (need
tools like samtools to view it)

VCF

» Atext format that stores genetic
variants (differences from a reference
genome), such as SNPs or insertions.

#CHROM POS ID REF ALT QUAL FILTER INFO
chr1105. G A 99 PASS DP=30

Bioinformatics

DNA FASTG Pipeline

: / »  (FASTA) ver Beta 23Apr2020
Sample / FAI, GZI

Randy Harr
The HE00 Project

hitps://h600. orgf
CCBY 4.0 License

Shotgun,
Paired-end,

Short-read
Human =
Genome |’ EﬁA
Reference | F;u G)Zl
* FA { FNA are special Model(s)

FASTA files
|8
o O
Qo 5
(Dante Labs, Full Genomes Corp, | g o)
Nebula Genomics, ySeq) o o
&
Whole Genome Sequencing
BN B B N N = = .
Microarray Testin
y g / \ _ s C:? &
(23andMe, Ancestry, FamilyTreeDNA, DNA _-Mlcroarray g r:D
LivingDNA, MyHeritage) Sample / Tester S =
/ g e

- Bioinformatic Tools

!]Wet Lab Equip [ [JReference Data

12
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DNA Structure

P Genes and genetic data

-E'E .

Nucleosome - Sumima ry

ATGCTTACCGTAGTTTACTAA
TACAATGGCATCAAATGATCC

Genetic data

Nucleotide
base pairs:

B Guanine
[ Cytosine
- Adenine
B Thymine

Source: https://nci-media.cancer.gov/pdg/media/images/761781-571.jpg

"




Genes and genetic data

4\?'
\"’\ﬂwwx ’

Length of a gene:
Between a few hundred
base pairs and over 2,4

million base pairs.

Note: The reading of a
sop J€Ne starts at the “start

LB LS LI EENEREERE 1 B EY L | |

T GG T AG LGl ARG GGAAT TGS GALATAA COdON”, and ends at the
“stop codon”

TACTGCCTAGTCGGCGTTCGCCTTAACCGCTGTATT
L1

LA L L L L L L b b L b b b b b i i i i i i i i i i 1 i 1 1 11

4
T\; Bildet er Hentet fra: “Finding genes with ORFs” (Dodona)




At

Messenger RNA

DNA

FCCGTGA

RNA polymerase

Nontemplate strand

Template strand



Protein (made o
amino acids)

pt)

The mRNA
that is read

Gene Expression

Gene expression = turning
genetic information into
something the cell can use:

1. The cell copies a gene
from DNA into mRNA

MRNA leaves the nucleus

MRNA is used as a
template to build a protein



growing peptide chain
(protein)

incoming tRNA
A \bound to amino acid

. QN
outgoing
empty tRNA
tRNA f tRNA
\ UUU|CUA
AR ARE/
] AN
UGGAAAUG AAA AUUUCAAAUGGUUCAAA
mMRNA
ribosome

Each set of 3 nucleotides (= reading
frame) is translated into a single
amino acid.

%



%

Genetic errors (mutations)

can occur when cells copy their DNA, or
due to external factors such as radiation,
chemicals, or some viruses

growing peptide chain
(protein)

can be inherited, or they can arise during
. incoming tRNA
life a \bound to amino acid

are often repaired by the cell's DNA eglgngﬁA

repair systems

tRNA i tRNA

occur frequently in all individuals, but
only a small number lead to disease or

increased disease risk VGGAAAUGOGAAAGAUUUCAAADA
mRNA . f
can be identified through genetic testing, OSOME Gone
. . . enetic
which may reveal mutations linked to error

certain diseases



transfer RNA
(tRNA)

The nucleotides
found in RNA:

U = Uracil

C = Cytosine

A = Adenine

G = Guanine

RNA uses uracil (U)
instead of thymine
(T), which is used in
DNA.

ALt

First Second Base of the Codon Third
Base Base
in the u( (@ A G in the
Codon Codon
UUU Phenylalanine | UCU Serine UAU Tyrosine UGU Cysteine U (T)
U (T) UUC Phenylalanine | UCC Serine UAC Tyrosine UGC Cysteine C
UUA Leucine UCA Serine UAA STOP UGA STOP A
UUG Leucine UCG Serine UAG STOP UGG Tryptophan G
CUU Leucine CCU Proline CAU Histidine CGU Arginine U (T)
C CUC Leucine CCC Proline CAC Histidine CGC Arginine C
CUA Leucine CCA Proline CAA Glutamine CGA Arginine A
CUG Leucine CCG Proline CAG Glutamine CGG Arginine G
AUU Isoleucine ACU Threonine | AAU Asparagine AGU Serine U (T)
A AUC Isoleucine ACC Threonine | AAC Asparagine AGC Serine C
AUA Isoleucine ACA Threonine | AAA Lysine AGA Arginine A
AUG Methionine ACG Threonine | AAG Lysine AGG Arginine G
GUU Valine GCU Alanine GAU Aspartic Acid GGU Glycine U (T)
G GUC Valine GCC Alanine GAC Aspartic Acid GGC Glycine C
GUA Valine GCA Alanine GAA Glutamic Acid GGA Glycine A
GUG \Valine GCG Alanine GAG Glutamic Acid GGG Glycine -




Transcription

Double strand DNA

Translation

Aming
acid

Serine

QO & > |

Valine

o e = o Oy
|
L

Arginine

@
"

.

|
\

Leucine

Proline

v
Ry
\

Single strand RNA

Excercise 1

« What amino acids are
produced by the
following RNA strand?

* Use the codon table

(answer in red)



Transcription

Double strand DNA

Translation

> |
i

Aming
acid

o [@
!

Sepme
Threonine

Valine (not
changed)

Arginine

[ ] ) X
L

Single strand RNA

Leueire STOP

Excercise 2

« What amino acids are
produced by the
following RNA strand,
containing errors?

* Use the codon table

(answer in red)



Transcription

Double strand DNA

Translation

Single strand HNA

A—) Serine Arginin
G [—

- '}'_
2§\
i -'_': Vatire Leucine
U
v »
Al
% r Arginin Glycine
G| - J
U
 —_—— 1 tedeine Tyrosine
A| K b—|_>
=
C_

()

o | /

Excercise 3

 What amino acids are
produced by the
following RNA strand,
when a nucleotide is
missing?

» Use the codon table

(answer in red)



Transcrption Translation

acid

Frameshift mutation

0O O > |

Frameshift mutation is when an insertion or
deletion changes the entire reading frame of a
gene.

D O = = @
¢

aminoacid

24
Double strand DNA Single strand RNA



%

What are the consequences of the change?

From no effect to big consequences

* Diseases

* Developmental disorders

* Increased disease risk

« Changed response on medication (called pharmacogenetics)

25



WOZT WOTT WOO0T WOo6 W08 WOL W09 WO0S Wov WOE W02 WOT T
O e e e e e e A A

NOET

11p15.5

- 4EEE Point mutation (single nucleotide change)

11p15.3
11p15.2

11p15.1

11p14.3

1142 HBB gene HbAA

1ipl4a.l

EEW ©
11pl12

pnnz
11pl1.12
11pl1.11
11q11
11qg12.1
11ql12.2
EE C PRO ) GLU )( GLU
11q13.1

11q13.2
11q13.3

11q13.4
11q13.5

— Point Mutation - HBBS

11ql14.2
11g14.3

11q21

11q22.1
11q22.2

119223

11923.1
11q23.2

Sickle cell anemia

11q23.3

11q24.1
11q24.2
11q24.3
11925



T

WOt

NN Nl BN a2

woez

Woe

wor

Wos

W08

WOoL

Wos8

17p13.3

- 17p13.2

17p13.1

. e

17p11.2

17p11.1
17q11.1

17q11.2

17q12

17q21.1
17q21.2

17g21.31

17q21.32
17q21.33

17q22

17q23.1
17q23.2

17q23.3
17q24.1

17q24.2

17q24.3

17925.1
17g25.2

17q25.3

BRCA1

Duplication

Called «BRCA1 ¢.5266dup»
(p.GIn1756fs)

BRCA1

BRCA2

Breast cancer:

50% to 65%
Males: 1.2%

40% to 55%
Males: Up to 9%

+ Pancreas cancer: 1-3% 2-7%
~ Ovarian cancer: 40% to 65% 15% to 25%
Prostate cancer: 9% 15%

Petrucelli N, Daly MB, Pal T (September 1998). "BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian Cancer". In Adam MP,

Feldman J, Mirzaa GM, Pagon RA, Wallace SE, Bean LJ, Gripp KW, Amemiya A, editors (eds.). GeneReviews® [Internet]. Seattle (WA):

University of Washington, Seattle. PMID 20301425.

27
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Today's lecture
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Tools and Databases Supporting Genetic Testing

The patients medical records
(EPJ)

« Symptoms

* Test results

 Imaging results

« Family history

=

Question: Is there a genetic
variant which cause the
symptomes?

. 3

Norwegian databases
« VARDE Norwegian variant
classification

« Variant frequency in local
databases og

« variant.norgene.no

Norwegian products
supporting workflow and
decision-making

* Example: https://ous-
research.no/home/digigen/Prod

‘ Reference genomes

ucts/19426

* GRCh38/hg38is most
commonly used today

.International databases

* National Library of Medicine,
https://www.ncbi.nlm.nih.gov/home/genes

* OMIM - An Online Catalog of Human Genes
and Genetic Disorders, https://omim.org

* GnomAD, https://gnomad.broadinstitute.org

* Genome Browser, https://genome.ucsc.edu




Workflow at the Lab of Medical Genetics

4 N N N N

Choose Perform Variant Variant L -
Analysis Analysis Calling Interpretation

DIGBIIUDI
- V AN A\ V




%

Workflow at the Lab of Medical Genetics:
1) Choose right analysis

» Choose parts of the DNA to analyse
(«panels»)

« Many of the panels used are
described at Genetikkportalen

« Examples of additional data which
mlght be helpful for the hospital:
The patient’'s symptoms, age, sex
« Suspected condition
e Results of relevant blood tests,
radiological images
» Related diseases in family

(Z) Genetikkportalen | Sek etter v | Q, Sok.

Genetikkportalen

Norsk portal for medisinsk-genetiske analyser

| Sok etter v | Q Sek.

a

NGS-Genpaneler

%

Hent rekvisisjonsskjema

a

Enkeltanalyser

Laboratorier

| Susgm

33



%

Workflow at the Lab of Medical Genetics:
2) Perform analysis

The entire human genome consists of more than 3 billion

base pairs (3 x 10°) and contains around 20,000-25,000
genes.

One genome is typically 100 gigabytes of raw data.

Example: Sequencing-by-
synthesis (lllumina)

Source: https://bitesizebio.com/13546/sequencing-by-synthesis-explaining-the-illumina-sequencing-technology
and An Introduction to Next-Generation Sequencing Technology

34



\ "ﬁ“ -«4,

If printed out 1 mm
apart, the DNA letters

in your genome would
extend 3,000 km.

Credit: Laura Olivares Boldu / Wellcome Conn ng::ience - - T = 3000 km = Iength Of your genome!



At

Workflow at the Lab of Medical Genetics:

3) Variant calling

« “Variant calling” is the process of
identifying differences in DNA sequences
between a sample and a reference
genome.

« The sequenced DNA is aligned
(matched) to a known reference genome

 During this comparison, genetic variants
are found

pll.21 plll qll.1 ql1.2 ql2 ql3.1 ql3.2 qi33 q21.1 q21.2 q213.
1 1 1 1 1 1

outside range, right)
0000000000000000000000000

198,686,050 108,688,878

CCAGGAGATCCTGGAEGCAATGGACTCCCT
GGTCCTCTAGGACCTGCGTTACCTGAGGG GA ¢

> » > >

> > » »>

CC/CCC rs281874732 I GG/G
rs184886270 C/RST rs184886271 B C/T

= CC/CCC rs281874732 I GG/G rs754854

rs2524628392 EW R/G rs753765957 G/R/T rs184886271 B C/T r

rs75590347: HR T/A rs1158728002 Bl C/6/T rs1348537647 B C/6/T
rs2524628418 rs14384c0022 B C/T

rsl@4886270 : rs2524628514 I C/T
(EFAr 1=

rs2068538653 I

rs2p24628464 Il A/G
rs1413325023 BR T/C




Assembl(: GRCh38.p14 (GCEDD0001405.40) v| - | chrxncooo0231ny) v |

{{ NC_000023.11: 108,686,032 - 108,686,088

p2233 p2232 p2231 PRI 213 212 P21 213 L PILE  pI3 L3 P2 PUL2L i U2 Q2 Gl ql32 g33 @1 G2 G231 @32 QL3I G2 @22 g3 ¢ Q25 Q261 q262 q263 Q271 Q272 Q273 q28
Gene Transcript Exons: click an exon to zoom in, mouse over to see details

Regionv | 4 [ cOL4AS w[ ) ]| [ NM 0004555 w]| () 000000000000000000000000000000000000000000000000000
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A reference genome is a digital DNA sequence used as a standard to compare
individual genomes.

« Human genome 38 (hg38) or GRCh38 is the current standard in most contexts

« GRCh37 (hg19) is still used in older tools/datasets

« T2T-CHM13 is a groundbreaking full genome, including previously missing
parts, but is not yet fully adopted in clinical practice
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Workflow at the Lab of Medical Genetics:

4) Variant interpretation

Categories:

5 — pathogenic variant

4 - likely pathogenic variant

3 — variant of uncertain significance
(VUS)

2 — likely benign variant

1 — benign variant

Read more about the variant at

https://www.ncbi.nlm.nih.gov/snp/rs104886270

At

pll.21 plll qll.1 ql1.2 ql2 ql3.1 ql3.2 qi33 q21.1 q21.2 q213.
1 1 1 1 1 1
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Workflow at the Lab of Medical Genetics:

5) Diagnosis

The most relevant
candidate variants are
interpreted

Sometimes a genetic cause
matching the symptomes is
found, in other cases it's not




Personalised Medicine

« Diagnosis — fast
and correct

NES[elk! strategi for
ersontilpasset medisin

2023-2030

« Medical treatment
(most common:
choose right
cancer medicine)

With personalised medicine
Each patient receives the right medicine for them

Breast cancer

(- )
|

\i="

Blood, DNA, urine
and tissue analysis

3
«
»"-——‘4—

Effect

©ABPI 2016

Also see: https://www.regjeringen.no/contentassets/c0ab0380265445e58508c36e51e5561b/no/pdfs/strategi-for-persontilpasset-medisin.pdf,

http://www.helsenorge.no/persontilpasset-medisin. Image to the right: Example schematic of use of personalized medicine. From Personalised medicine, ABPI
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Without personalised medicine
Some benefit, some do not

Breast cancer

| )

Therapy

lll

© ® @

Effect No effect Adverse effect

With personalised medicine
Each patient receives the right medicine for them

Breast cancer

L )

DNA of person

@ DNA of tumor

Blood, DNA, urine
and tissue analysis

»"-——n«

©ABPI 2016
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Some important

Eurdpean Cooperati

1+ Million

Genomes
(1+MG)

Initiative

Including the
project
Genome of
Europe

&

European Horizon
Genomic Data Europe
Infrastructure §

(GDI)

on Initiat’i‘es,

ELIXIR
(European
Life-Science
Infrastructure
for Biological
Information)

e 1

“ &V

European 1 EATRIS
Health Data |  (European
Space (EHDS) Infrastructure
for
Translational
Medicine)




Ongoing Work.

Platforms for
secure genomic
data sharing

Secure
B infrastructure \
g for data sharing &

Al and high-
performance
computing

Genomic
research
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NewScientist

Health
How CRISPR therapy could cure
everything from cancer to infertility

The imminent approval of the world's first CRISPR treatment for sickle cell disease is just
the start: soon this gene-editing tool could be used to tackle everything from cancer to high
cholesterol and infertility

By Michael Le Page
B9 3)July2023

f X ® in o & @

gy The Brussels

w. Artificial human DNA study raises
urgent ethical questions for society

i 1 1 . by: Joe Stafford
Dutch scientists cult &
L . R hers fi The Ui ty of Manchester - llabarati ith the U ti f Granada,
Synthetlc T AT TN Do st oo e st ciried s o it b .

The study, published in the Jjournal of Medical Ethics, explores how this emerging technology could
impact identity, privacy and even reproduction, raising urgent questions for society.

18February 2025

UM BUSINESS ART & CULTURE

Wednesday 10 April 2024
By The Brussels Times with Bel Artificial human DNA, or synthetic DNA (synDNA), is created by assembling the chemical components
of genes in a controlled process. While this technique could revolutionise medicine and biology, it
also presents ethical challenges that must be addressed before the technology becomes
widespread.

‘ Scientists have already synthesised bacterial genomes and portions of human chromosomes, and
future advancements could make it possible to generate entire human genomes in a lab.
& Neil Webb

-
Credit: Canva
Scientists at Maastricht University's MERLN institute and Maastricht
UMCH+ hospital have successfully grown an identical twin human embryonic
structure using only stem cells, without the need for eggs or sperm,
according to a university press release on Wednesday.

INTERESTING
ENGINEERING

NEWS ENGINEERS DIRECTORY NEWSLETTERS PODCASTS

INNOVATION

Nanobots Will Be Flowing
Through Your Body by
2030

In 10 years, nanobots in your blood might keep you from getting sick,
transmit your thoughts to a wireless cloud, and give you eternal life.
Updated: Apr 03, 2023 02:42 AM EST

Trevor English
4 years ago po

Dimension Studios/YouTube

uturists often claim that nanobots hold the key to eternal life. Inventor, author,
F and Google futurist Ray_Kurzweil, in an interview with Neil rasse, claimed

that tiny nanobots in our bloodstreams will prevent us from dying in 2030.
According to Kurzweil, the nanobots will travel inside you on a molecular level,
protecting your biological system and ensuring you'll have a good and long life. The
future is closer than you may think!

Nanobots injected into your bloodstream

IFL Science claims that DNA robots are already being tested in animals to seek out

and Anctrav rancar calle Thaea nranrammad cteande nf NDNA ~an maun thranah tha
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Ethical Dilemmas
What contributes (most) to a good life?

Common values and principles in medical ethics:
« Autonomy (including informed consent)

* The right to know — and the right not to know
(about the future)

« Do no harm

* Promote well-being
 Justice

* Trust

e ... and more

integrity
value

conscience

moral

principles
honesty

‘responsibility



BRCA1l BRCA2
. Breast cancer: 50% to 65% 40% to 55%
Males: 1.2% Males: Up to 9%
- Pancreas cancer: 1-3% 2-7%
~ Ovarian cancer: 40% to 65% 15% to 25%
=| Prostate cancer: 9% 15%

Petrucelli N, Daly MB, Pal T (September 1998). "BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian Cancer". In
Adam MP, Feldman J, Mirzaa GM, Pagon RA, Wallace SE, Bean LJ, Gripp KW, Amemiya A, editors (eds.). GeneReviews®

[Internet]. Seattle (WA): University of Washington, Seattle. PMID 20301425.

In a family with multiple cases of breast
cancer, several members carry a disease-
related gene variant.

A man, whose mother died of breast
cancer, is advised to get genetic
counseling and testing, but he declines
because his own risk is low.

However, his adult daughter could be at
high risk if she inherited the variant.

The doctor faces a conflict between 1)
respecting the man's autonomy and 2)
protecting the daughter’s right to know,
while confidentiality prevents disclosing
the man’s genetic information without his
consent.
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Work together in groups with an ethical dilemma

Exercise:

Choose one of the
following ethical
dilemmas, and discuss it
in groups

You may use the SME
model if you want to

The SME-model

1.Define the ethical problem(s)

2.Describe facts

3.Provide details of the parties involved
4.ldentify the values, ethical principles and
laws at stake

5.Based on the above, identify and discuss
possible solutions of the case
6.Conclusion, follow up and evaluation

https://www.med.uio.no/helsam/tjenester/kunnskap/etikk-helsetjenesten/sme-modellen/index.html
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Dilemma: Do you want to know about genetic

findings?

* If you agreed to participate in research based on
your DNA, would you want to be informed if you
carried genetic variants associated with diseases
that you are highly likely to develop, and for which
treatment is available—and why or why not?

« Examples of such genetic variants:

« Variants that increase the risk of cancer like the BRCA1
and BRCA2 (see the picture to the right)

« Variants associated with heart conditions that can lead
to sudden death as the first symptom

_~ Breast cancer:

/’ Ovarian cancer:

* - - %Prostate cancer:

BRCA1

BRCA2

50% to 65%
Males: 1.2%

40% to 55%
Males: Up to 9%

- { Pancreas cancer:

1-3%

2-7%

40% to 65%

15% to 25%

9%

15% ‘

What considerations would be important to you when deciding whether to receive results about such genetic

findings?

56



L

Vil tillate gentesting av idrettsutgvarar

Av: Svein Isungset Stove
Publisert: 19. februar 2026

For a kunne deltai kvinneklassa iVMi friidrett og boksing
hausten 2025, matte norske landslagsutevarar ta ein
gentest som er ulovleg a gjera i Noreg. No onsker fleirtalet i

Bioteknologiradet a endre forbodet.

DeterOLiRioi 2016 Startskotet naermar seg i finalen pa 8oo meter for kvinner. Pa
das beste loparar. klare for & springa sitt livs lop. Blant

dei var ser-afrikanske Caster Semenya, som ufrivillig har vorte ein av dei mest

kontroversielle deltakarane i kvinneklassa i friidrett pa 2010-talet. Semenya har

kvinnelege kjwnnskarakteristikkat men er fedd med mannlege kjennskromosom
og ein genetisk variant som paverkar korleis kroppen re
Dette vert kalla variasjon i kroppsleg kjonnsutvikling (VKK).
(sja faktaboks). | finalen i Rio la Semenya seg tidleg i front, og vann til slutt gull
solvet gjekk til Francine Niyonsaba fra Burundi og bronsen til Margaret Wambui
fra Kenya. Alle dei tre utgvarane har mannlege kjennskromosom 0g ein DSD-
tilstand. Resultatet fra denne OL-finalen sette fart pa diskusjonar kring kor vidt

desse utevarane har ein urettferdig fordel i konkurranse med personar fodd med
kvinnelege kjignnskromosom. og kring kven som
falovtiLadeltai kvinneklassa.

SRY-genet, kjennshormon 0g kjgnnstesting

pa y-kromosomet og er nedvendig for a starte

SRY er eit gen som ligg
erer hormona

utvikling av testiklar i fosterlivet. Testiklar produs
testosteron og AMH. som paverkar vidare kjennsutvikling.

Testosteron har innverking pa muskelmasse. styrke og
oksygentransport.

purde. og kven som ikkje burde.

Dilemma: Sex Verification

Testing of athletes

« SRY is a gene located on the Y chromosome that

i S
ii nlegc.assary.for initiating male development
cluding traits such as greater muscle masé

strength, and oxygen transport.

. iS;](zmS sports organizations are considering
roducing genetic testing for the SRY gene

. tThhee testis ?arried out to ensure that women in
women'’s category compete under equal

conditions

e W i
Comzr:i;/ivcl)t:stf?OSRY %er;]e will be excluded from
. Some of these women may no
tb
aware that they carry the SRY gene befor}elz testineg

Define different perspectives and ethical challenges
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Dilemma: DNA test reveals he is not
the child’s father

A child has a serious illness that doctors haven't
been able to diagnose.

They perform a so-called trio test, which is a genetic
test of both parents and the child, to identify de novo
mutations in the child (mutations that are not present
in the healthy parents).

The test fail, since it reveales that the man is not the
child’s biological father.

Define ethical challenges

If you were a staff member at this laboratory, what
would you do? List alternatives with advantages and
disadvantages
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Dilemma: Do you want to live with
or without the knowledge of a
serious future diagnosis?

Discuss arguments for and against being
informed about the risk of diseases that
cannot currently be cured.

Text from the article:

“l had the idea that | would be able to interpret the
results myself, despite knowing that it involved an
enormous amount of raw data”, she says, shaking her
head at her own naiveté

With 95 percent certainty, she will have measurable
amyloid plaques in her brain—a hallmark of
Alzheimer's—by the age of 65. Whether this will then

affect her cognitive abilities, she does not know. But it
is likely.
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Dilemma: Is it
acceptable for |
commercial companies
to sell gene databases?

Discuss arguments for and
against.

UNIK MULIGHET: Norge har en y

Herregirden

nik mulighet tj] 4 vaere en global Je,

T

der innen etisk Og ansvarlig hclsctukuoluhi‘ mener Ira Haraldsen, ; oto: Tone

Ndr genene vire blir «big

Nar genene vire legg
desto viktigere § ho]

business»
€s ut pa det frie m

arkedet som dagens fangst, ti] h@ystbydende, sd er det
de hodet kaldt.

Ira Haraldsen
PROSJEKTLEDER, AIMinp

PUBLISERT 02.01.2025 - 08:46

B




4

Gentesting: Hvor mye vil
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Dilemma: When you wish to
be informed about a
genetic condition, while
your relatives prefer not to
know.

Is it acceptable for you to take a
genetic test to find out if you have
inherited a disease gene, when your
parents do not want to know
whether they have inherited it?

Discuss arguments for and against
undergoing genetic testing

Screenshot from https://lommelegen.dagbladet.no/gener-og-arv/artikkel/gentesting-hvor-mye-vil-du-egentlig-vite/69860705
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Dilemma: Healthy R Q
child?

Your genes carry genetic
disease
Some fertility companies Zfi;iifllﬁi;izgé513?1‘1‘1‘.-:’izzi";$";£i oo
O ffer to Compare th e In many cases, a child inherits a genetic disease when the man and the
J Woman have mutations jn the same gene.
m O th er’S an d don Or S To reduce the risk of having a child with genetic disease, we've developed
. d GeneXmatch,
genes to avoid share

disease genes and

increase the chance of a

healthy child What s GeneXmatchs
ea .

GeneXmatch is a screening tes

t that improves the chances of
your future baby being healthy.

. e ine ji n ; dnno: carry mutations in the
thIS same genes. In other wt?rds, we can tell if a future child is at risk
Would you use s
. . . e e p 'to GeneXmatch screens for more than 400 genetic diseases. That
service if it were u

way, you get an added sense of security that you've chosen the

you? .
Why — why not? Argue
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"‘3 Helsedirektoratet

Forsiden , Forebygging, diagnose og behandling , Diagnose og behandling , Persontilpassa medisin

Regelverk, juridisk rettleiing og avklaringar

Fa oversikt over relevant regelverk og veiledere, og fa veiledning.

Prosess og hjelp til  lgyse juridiske problemstillingar

Sek <

( = Meny )

Tverretatleg rettleiingsteneste /

Svar pa spersmal i oppdragsbrev fra Helse Sgr-@st RHF PDE =
Helseforskningslovens virkeomrade - godkjenning for biobank og innfersel av biologi (2014) PDE =
Spersmal om forholdet mellom lov om behandlingsbiobanker og helseforskningsloven (2014) PDE =
Svar pa henvendelse om helseforskningslovens anvendelsesomrade (2021) PDE -
Vedrgrende spgrsmal om lovverk som regulerer helseforskning og bruk av anonymisert (2014) PDE -
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< Forside
Persontilpassa medisin
medisin betyr at f , diagnostikk,
behandling og oppfelging er betre tilpassa biologiske saertrekk hos pasienten.
Strategi for persontilpassa Tverretatleg rettleiingsteneste e Fagrad for persontilpassa medisin
medisin 2023-2030 r
Juridiske og etiske vurderingarav Rettslege avklaringar om
Nasjonalt genomsenter persontilpassa medisin
ke o9 vilaringar or
it nasjonat sin
@ Bioteknologiradet in 3 Q Menywv
Nyheter Temasider For skoler Arrangementer GENialt Biotekpodden Uttalelser For presse Spe

Rapporter

Juridiske og etiske |

Forslag il endringer

«Vi gir rad om etisk bruk av bioteknologi pa
mennesker, dyr, planter og mikroorganismer.»

Aktuelt:
Q ¥ "’% L . jﬁ ﬁﬁk
SmaGENialt: Jakten pa de gode 13 &r med forskning pa Crispr- Uenighet om aldring
genene laks

= Meny Q Sek 5] Logginn %

NorPreM

Om nettverket ~  Prosjektportefalje  Har du en prosjektidé? ~  Arrangemente!
Persontilpasset medisin
Persontilpasset medisin betyr en skreddersydd behandling som er
tilpasset din genetiske profil. For @ kunne gi deg en persontilpasset
behandling, er det nedvendig & vite mest mulig om dine biologiske ' ‘
forhold. Da vil du kunne fa riktig behandling til rett tid.
HELSe _
norgE = Meny Q Sok
< Medisiner og medisinbruk 25 16 septemn
Nytt prosjekt i Velkommen til Hvordan glkk detndr  Nye videoer fra
NorPreM - AmyPrem  fagdag i PM i Helse Juss mette medisin? NorPreM
Midt - Norge arrangementer

Analyse av gener for a finne riktig
medisin (Farmakogenetisk

Genomies in heattheare

4] FE
i Toglend

apout us

analyse)

Genene dine kan pévirke hvordan du reagerer pa medisiner. En
gentest (farmakogenetisk analyse) kan i mange tilfeller hjelpe legen
din til 8 velge riktig medisin og dose til deg.

e

NHS England Genomics Education Programme

T

Delivering genomics education, training and experience for the healthcare workfarce

‘= Innhold pa siden

Hva er farmakogenetisk analyse? . .
Learn about the impact of genomics

Try our ed | for health

Nar er farmakogenetisk analyse aktuelt?

FEATURED PROFESSION BITESIZE LEARNING

Hvordan gjeres undersakelsen?

Hvor lagres resultatene av farmakogenetiske analyser? f
Genomics in
Paediatrics

A nloduciosy answor 1o
everyone's first question

Siv Anette Fjellkarstad
Siv.Anette.Fjellkarstad@helsedir.no
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Getstarted below, or browse our full collection

SHORT COURSE

A Clinician’s Guide
to Genomic Testing

Rane Disease

Explo the landscipa of
genonic lesting in the NHS
‘and the patient patfway for
naro disoase
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Considerations
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